Foot and mouth disease (FMD) is a highly contagious viral disease of all cloven footed domestic and wild animals. This work was planned to study the different markers for diagnosis of FMDV serotype SAT 2 in adult buffaloes and calves including clinical, hematological and biochemical examinations. Forty adult buffaloes 3 to 5 years old of age were divided into two groups of twenty buffaloes; the first group was obvious clinically healthy and the second was naturally infected with FMD virus (FMDV). In addition, twenty suckling calves 10 to 50 days old of age were divided into two groups of ten calves the clinically apparent healthy group and the naturally infected with the FMDV group. The recorded clinical signs were fever, salivation, loss of appetite, depression, lameness, vesicles, erosions and ulcers in the mucosa of the mouth, tongue, lips, gums, palate and between the claws in infected adult. Development of macrocytic normochromic anemia. Leucopenia, lymphopenia and monocytopenia were recorded in infected adult buffaloes and calves. Myocardial injury proved by presence of degenerated myocardial fibers and lymphocyte cell infiltration with a significant increase in cardiac markers as cardiac torponin I (cTnI), creatine phosphokinase (CPK) and lactate dehyrogenase (LDH) in addition to a significant hyperkalemia, hypocalcaemia and hypomagnesaemia in buffalo calves. Moreover, electrophoresis showed hyoproteinemia, hypoalbuminemia and hypoglobulinemia in the infected animals. It could be concluded that the elevation of cardiac markers emphasized that FMD is more severe in young calves than adult buffaloes. Therefore, it is recommended to evaluate the prognosis of FMD infection in calves by these markers.
INTRODUCTION
Buffaloes are an important source for high quality animal proteins and represent an integral part of the economy in many developing countries worldwide. Nowadays, there is a great interest in buffalo breeding owing in part, because the recognized resistance of this species to a number of diseases (Ahmed, 2007) . From the contagious diseases affecting livestock, FMD, which is known as aphtha's fever.
Foot and mouth disease (FMD) is a highly contagious disease of all cloven footed domestic and wild animals, caused by a picornavirus of the genus Aphthovirus (Barnett and Cox, 1999) . FMD has a worldwide distribution and is endemic in Egypt. There is a major constraint to the international livestock trade because the severe economic consequences that FMD can generate because in infected animals, i.e., losses of meat and milk production (McCullough et al., 1986) . FMD is characterized by the presence of some clinical signs in infected animals that include fever, blisters, vesicles, erosions and ulcers in the mucosa of the mouth, tongue, lips, gums, pharynx and palate. These le-
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sions were founded between the claws at the coronary band, and on the teats especially of the nursing animals. Lameness is evident in animals with foot lesions (Arzt et al., 2011; Musser, 2004) .
FMD lead to high mortalities especially in young calves that die suddenly because of acute severe myocardial injury without developing the characteristic blister lesions, which noted in adult cattle's. The myocarditis of young animals is acute, with necrosis of muscle fibers and an intense infiltration of mainly lymphocytes (Alexandersen et al., 2003) .
This work studies the different markers for diagnosis of FMD in adult buffaloes and buffalo calves including clinical, hematological and biochemical examinations.
MATERIALS AND METHODS

Animals
During an outbreak of FMD serotype SAT2 in 2012 at Sharkia Province, Egypt. Egyptian buffaloes (Bubalus bubalis) were examined. Diseased animals were diagnosed by official authorities of the Animal Health Laboratory at El-Doky, Cairo, Egypt. Serotyping of FMDV was done using the kits of solid phase competitive ELISA according to (Grazioli et al., 2012) . Forty adult buffaloes of 3 to 5 years old were divided into two groups of twenty buffaloes; the first group was obvious clinically healthy and the second was naturally infected with FMD virus (FMDV). In addition, twenty suckling calves of 10 to 50 days old were divided into two groups of ten calves the clinically apparent healthy group and the naturally infected with the FMDV group. The routine clinical examination was carried out and the classical lesions of FMD were recorded. All animals were reared at farmers and fed properly as usual in these local areas.
Blood sampling Two types of peripheral blood samples were collected from the jugular vein of the diseased and healthy animals. The first set of blood samples were collected in dipotassium salt of ethylene diamine tetra acetic acid (EDTA) tubes for hematological analysis, while the second set of blood samples were taken without anticoagulant in a sterile test tubes for separation of serum that was used to measure the biochemical parameters.
Hematological studies
The red blood cells count (RBCs), hemoglobin content (Hb), packed cell volume (PCV), blood indices (MCV, MCH and MCHC) and ifferential leucocytes counts were measured by an automatic cell counter (Hospitex Hemascreen 18, Florence).
Biochemical studies Cardiac troponin I (cTnI) concentration was measured (Collinson et al., 2001) , while serum level of calcium (Ca), phosphorous (P), potassium (K), magnesium (Mg), sodium (Na), lactate dehyrogenase (LDH) and creatine phosphokinase (CK-MB) were measured in full automated biochemistry analyzer (chemray 240. USSR). Protein electrophoresis was quantitatively measured according to a method that was previously established (Laurell, 1966) .
Histopathological studies Small specimens were taken from heart, liver and spleen of freshly dead infected calves. The specimens were fixed in 10% buffered neutral formalin solution, dehydrated in gradual ethanol (70-100%), cleared in xylene, and embedded in paraffin. Five-micron thickness paraffin sections were prepared and then routinely stained with hematoxylin and eosin (H&E) dyes. The sections were mounted with Canada balsam and covered with cover slide to be ready for histopathological examination (Bancroft et al., 1996) .
Statistical analysis
The data obtained from this investigation were statistically analyzed using student "t" test (Tamhane and Dunlop, 2000) . Highly significant difference at p≤0.01.
RESULTS AND DISCUSSION
The observed clinical signs were fever, salivation, loss of appetite, depression, lameness, blisters or vesicles, erosions and ulcers in the mucosa of the mouth, tongue, lips, gums, pharynx, palate and between the claws in adult (Figs.1-3). Mortality rate in young calves was 100%. Necropsy of the freshly dead infected calved showed tiger heart appearance ( Fig. 4 ) which in agreement with the previous studies (Arzt et al., 2011; Musser, 2004; Tunca et al., 2008) who mentioned the deaths in young's returned to severe acute myocardial injury without developing the characteristic blister lesions which noted in the adult. The severity of FMD in calves could be explained as FMDV can be replicated in mammary gland of the lactating buffaloes where the virus appears in the milk in higher titer (Sutmoller et al., 2003) .These myocardial alterations proved by estimation of cTnI, LDH and CK (Tab. 1) that revealed a significant increase in the calves infected group compared with the control calves and confirmed by histopathological studies of heart tissue which showed degenerated myocardial fibers and lymphocytic cell infiltration that confirms lymphocytic myocarditis (Fig. 5) . So it is advisable to estimate the cardiac markers during an outbreak of FMD for calves; negative result must be isolated and fed milk from healthy buffaloes or even milk replacer. Hematological studies (Tab. 2) revealed anemia in the FMD naturally infected animals either adult or calves when compared with the healthy animals. which may be a result of endocrinopathy which occurring secondary to FMD viral infection (Gokce et al., 2004; Radostits, 1994) or even may be attributed to that FMD causes a depression of erythropoiesis (Krupakaran et al., 2009 ). Development of macrocytic normochromic may be due to inadequate dietary intake of folic acid and vitamin B12, decreased absorption by damaged intestine and disturbed metabolism of liver .However, it is also possible that the mild anemia is associated with chronic disease with increased inflammatory cytokines (Ghanem and Abdel-Hamid, 2010 which accompanied viral pathogenesis including systemic spread and viral shedding into environment to enable its transmission (Barya and Afzal, 1969) . In addition to that leucopenia, lymphopenia and monocytopenia in infected animals may be due to the impaired function of residual T-cells with the transient immunosuppressive effect of FMD (Parida et al., 2006) . This result confirmed with histopathological change in spleen that represented by depletion in white matter (Fig. 6) .
On the contrary, in the later stage of FMD infection, monocytosis were recorded by (Mohan et al., 2008) which might be related to prompt and quick recovery and healing of lesion in buffaloes. The difference may be due to long time intervals after infection while we examined the animals during the disease appeared on the animals but they examined the recovered animals. As monocytes are the precursor of macrophages, which play significant role in tissue remodeling and healing process (Benjamin, 1998) . Infected adult buffaloes showed a significant decrease in calcium, magnesium and sodium (Tab. 3) when compared with the normal animals. On the contrary, there were a significant increase in phosphorus and potassium in FMD animals as compared to the healthy control. This picture appeared more prominently in infected suckling calves. Our results are in accordance with that previously recorded (Krupakaran et al., 2009) who returned the increase in phosphorus to the higher ATP utilization and breakdown by the virus present in the body of the affected animals. The hypophosphatemia could be attributed to hypocalcaemia as their interaction where decrease in calcium leading to a reciprocal increase in phos- phorus (Nahed, 2010) . In turn, hypocalcaemia may be returned to the in-appetence, hypoproteinaemia and hypoalbuminaemia (Kaneko et al., 1997 ) (Gokce et al., 2004) resulting in decrease protein bounded calcium (Mousa and Galal, 2013) . Our results revealed hyponatremia, hypomagnesaemia and hyperkalemia (Tab. 3) which similar to those results obtained by (Ghanem and Abdel-Hamid, 2010) On the same hand, this electrolyte profile could be achieved by hyper salivation which facilitates sodium loss. In addition, heat intolerance may aggravate the case.
Concerning the results of total protein and electrophoresis (Tab. 4), we found a significant decrease in total protein, albumin, alpha1globulin, alpha2globulin, beta globulin and gamma globulin in FMD adult buffaloes compared with the healthy control. The reported hypoproteinemia was attributed to the hypoalbuminemia. From our opinion, the recorded hypoalbuminemia was due to starvation resulted from fever and erosions presented on the mouth and tongue of the infected animals. In addition to increased protein catabolism during infection and febrile conditions (Roussel et al., 1997) . Moreover, hepatic damage, starvation, and enteropathy leading to protein loss (Gokce et al., 2004) . Also, hypoproteinmia and hypoalbuminemia may be attributed to changes in pancreatic β-cell function which occurred during the clinical course of FMD as reported by (Gattani et al., 2011) Hypoglobulinemia either alpha globulins, beta globulins or gamma globulins tabulate the immunosuppressive effect of FMD (Mousa and Galal, 2013) . Consistent with this result, (Nahed, 2010) explained the decrease in gamma globulin due to the inhibitory effects of some hormones like corti- H and E, ×1200. (Fig.7) .
CONCLUSION
It could be concluded that FMDV serotype SAT2 is more severe in the buffaloes calves than in the adult buffaloes which confirmed by an elevation of cardiac markers. Therefore, it is advisable to estimate these markers to help in the diagnosis and prognosis of FMD in calves. Calves showed negative result must be isolated and fed milk from healthy buffaloes or even milk replacer to avoid high mortality among them.
